Abstract. B-cell-specific Moloney murine leukemia virus insertion site 1 (Bmi1) is directly involved in cell growth, proliferation and self-renewal of cancer stem cells (CSCs). The aim of the present study was to assess the role of Bmi1 in the maintenance of stemness properties and tumorigenicity of human bladder CSC-like side population (SP) cells. SP cells were sorted by flow cytometry using Hoechst 33342 staining. Bmi1 mRNA and protein expression in SP and non-SP (NSP) cells was analyzed by quantitative PCR, immunofluorescence and western blotting. The stemness properties of SP cells included cell proliferation, migration, self-renewal, chemotherapy resistance and cell cycle progression were assessed. Tumor formation was also assessed in human bladder cancer xenografts after Bmi1 silencing. The mRNA expression of Bmi1 was upregulated in SP cells when compared with that in the NSP cells. Knockdown of Bmi1 in SP cells resulted in inhibition of cell proliferation, migration and tumor sphere formation, enhanced sensitivity to cisplatin, and cell cycle arrest in the G0/G1 phase. Bmi1 knockdown inhibited cell cycle progression through derepression of the p16 INK4a /p14 ARF locus. Bmi1-siRNA SP cells failed to produce tumors in recipient mice, while typical urothelial carcinoma formed from subcutaneously injected scramble-siRNA SP cells. Bmi1 is crucial for the maintenance of stemness properties and tumorigenicity of human bladder CSC-like cells. Bmi1 may be a potential therapeutic target for the eradication of CSCs in bladder cancer.
Introduction
Bladder cancer is the most common malignancy of the urinary system and the sixth most common cancer in China. The age-standardized incidence rate is 11.4 per 100,000 for men, and 3.51 per 100,000 for women (1) . The incidence of bladder cancer is even higher in Western countries (2) . Approximately 75% of bladder cancers are noninvasive cancers, which have a high rate of recurrence and progression. The remaining 25% of bladder cancers are muscle-invasive cancers and are associated with extremely poor prognosis despite systemic therapy (3) . Although great advances have been achieved in the understanding of this disease, the molecular mechanisms involved in the development and progression of bladder cancer are still largely unknown.
Increasing evidence has demonstrated the existence of cancer stem cells (CSCs) in most cancers. The CSC hypothesis suggests that a minor population of tumor cells, termed cancer stem cells or tumor-initiating cells, share various properties with normal stem cells and possess tumorigenic potential, as well as self-renewal, differentiation, and proliferation capacities (4) . CSCs seem to be chemoresistant and radioresistant, leading to local recurrence (5, 6 ).
Isolation of rare CSCs is an important step in CSC research. The most common method of CSC isolation is the use of specific surface markers, such as CD44, CD133, CD24, ESA and aldehyde dehydrogenase1 (ALDH1). Notably, the expression of CSC surface markers is specific to each tissue type, but some tumors do not have specific surface markers available for isolation. Side population (SP) cell analysis and sorting have been successfully used for the enrichment of stem cells in a variety of tissues (5, 7) . SP cells isolated from diverse cancer cell lines harbor stem cell-like properties (7) (8) (9) .
B-cell-specific Moloney murine leukemia virus insertion site 1 (Bmi1) is a member of the Polycomb group (PcG) gene family, and was initially found to induce lymphoma upon cooperation with c-Myc by inhibiting c-Myc-induced apoptosis via p16
INK4a /p14 ARF (10, 11) . Bmi1 plays a critical role in the self-renewal and differentiation of a variety of normal stem cells and CSCs (10, 12 therapy abolishes the chemoresistance of tumor cells (10, 13) . However, we have limited understanding of the underlying mechanisms of Bmi1 function.
In the present study, we detected SP cells from the human bladder cancer cell line T24. These cells exhibited stem celllike properties, providing the foundation for further study on the molecular mechanism of bladder cancer. The objectives were then to examine the functional significance of Bmi1 in the maintenance of the stem cell-like properties of the SP subpopulation in T24 cells, and investigate whether Bmi1 is involved in the tumorigenicity of SP T24 cells in vivo. Results from our study may reveal the potential strategy for targeting Bmi1 for bladder cancer therapy.
Materials and methods
Cell culture. The human bladder cancer cell line T24 [American Type Culture Collection (ATCC), Manassas, VA, USA] was cultured in RMPI-1640 medium (Gibco, Invitrogen, Carlsbad, CA, USA), supplemented with 10% fetal bovine serum (FBS) (Gibco), 100 U/ml penicillin G and 100 µg/ml streptomycin. All cell lines were maintained in a humidified 5% CO 2 incubator at 37˚C.
Sorting of SP cells by flow cytometry using Hoechst 33342.
T24 cells were resuspended in pre-warmed complete RPMI-1640 medium at a concentration of 1x10 6 cells/ml. Cells were cultured either in the absence or in the presence of verapamil (50 µmol/l; Sigma, St. Louis, MO, USA) for 30 min at 37˚C, before adding the DNA-binding dye, Hoechst 33342 (Sigma), at a final concentration of 5 µg/ml and incubating for 90 min in the dark with gentle mixing. Cells were then washed twice with PBS and resuspended in ice-cold PBS/2% FBS to a final concentration of 1x10 6 cells/ml. Propidium iodide (PI) (2 µg/ml; Sigma) was added to gate viable cells, and the cells were maintained at 4˚C in the dark before flow cytometry (Beckman Coulter, Brea, CA, USA) sorting. Hoechst 33342 was excited at 355 nm and a fluorescent profile was generated for dual-wavelength analysis (450/50 and 675/20 nm). We collected both SP and non-SP (NSP) cells to evaluate the sorting purity and to conduct further experiments.
Immunofluorescence analysis. Freshly isolated SP and NSP cells from the T24 cells were cultured on glass slides overnight. Cells were then fixed in 4% paraformaldehyde for 20 min, incubated with 0.5% Triton-X in PBS for 5 min, and blocked in 10% normal goat serum for 30 min. After incubation, cells were stained with a primary antibody against Bmi1 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), at a dilution of 1:100 for 12 h at 4˚C. Cells were then washed and incubated with FITC-conjugated goat anti-mouse IgG (Proteintech Group Inc., Chicago, IL, USA) at a dilution of 1:200 for 1 h at room temperature. After washing in PBS, cells were coverslipped with a mounting medium containing 4',6-diamidino-2-phenylindole (DAPI). Stained cells were examined under a BX51 laser scanning confocal microscope (Olympus, Tokyo, Japan).
Small-interfering RNA transfection. Specific siRNA targeting human Bmi1 cDNA (GenBank no. NM_005180.8) (5'-CCU CCA CCU CUU CUU GUU UTT-3') named Bmi1-siRNA and a scramble-siRNA (5'-UUC UCC GAA CGU GUC ACG UTT-3') were synthesized by GenePharma (Shanghai, China). siRNAs (100 nM) were transfected into T24 cells or SP cells sorted from T24 cells using Lipofectamine 2000 (Invitrogen), according to the manufacturer's instructions. Transfection efficiency was then assessed using quantitative real-time RT-PCR and western blotting for Bmi1. Transfected cells were cultured for further experiments.
Real-time RT-PCR analysis. Total RNA was extracted from cells using TRIzol (Invitrogen). RNA purity was determined using absorbance at 260 and 280 nm (A260/280), and the integrity of the RNA was verified by electrophoresis on formaldehyde gels. Each sample (1 µg) was reverse transcribed using a RT-PCR kit (Takara Bio, Otsu, Japan). Real-time PCR analysis was performed using a standard SYBR Green PCR kit (Roche Applied Science, Penzberg, Germany) on a LightCycler 480 real-time PCR system (Roche Diagnostics, Basel, Switzerland), according to the manufacturer's instructions. RNA levels of the GAPDH gene were monitored as an internal control. Primer sequences were: GAPDH, forward 5'-AAG GTG AAG GTC GGA GTC AAC-3' and reverse 5'-GGG GTC ATT GAT GGC AAC AAT A-3'; Bmi1, forward 5'-CGT GTA TTG TTC GTT ACC TGG A-3' and reverse 5'-TTC AGT AGT GGT CTG GTC TTG T-3'; p14ARF, forward 5'-ATG GAG CCT TCG GCT GAC T-3' and reverse 5'-GTA ACT ATT CGG TGC GTT GGG-3'; p16INK4a, forward 5'-GGG TTT TCG TGG TTC ACA TCC-3' and reverse 5'-CTA GAC GCT GGC TCC TCA GTA-3'; Oct4, forward 5'-CTT GAA TCC CGA ATG GAA AGG G-3' and reverse 5'-GTG TAT ATC CCA GGG TGA TCC TC-3'; ABCG2, forward 5'-ACG AAC GGA TTA ACA GGG TCA-3' and reverse 5'-CTC CAG ACA CAC CAC GGA T-3'. The relative expression was calculated using the 2 -∆∆Ct method.
Western blotting. Equal amounts of protein lysates (20 µg) were subjected to SDS-PAGE and transferred to a PVDF membrane by electroblotting. Antibodies against Bmi1 (1:2,000 dilution; Santa Cruz Biotechnology), P14 ARF (1:2,000 dilution; Abcam, USA) and P16 INK4a (1:1,000 dilution, Abcam) were used as the primary antibodies. An anti-β-actin antibody at a 1:10,000 dilution was used as a loading control. The protein bands were visualized using an imaging system (Bio-Rad, Hercules, CA, USA).
Cell proliferation assays. Cells were plated at a density of 1x10 3 cells/well in complete RPMI-1640, in triplicate, in a 96-well plate (100 µl/well) and incubated over 7 days. The cell titer 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was added to each well according to the manufacturer's instructions. After 4 h in culture, the MTT medium was removed, and then DMSO was added into each well to dissolve the formazan. Cell viability was determined by measuring the absorbance at 490 nm using a Model 550 plate reader (Bio-Rad).
Cells were plated at 1,000 cells/well in 96-well plates. Cisplatin (Sigma) was added the following day at a concentration gradient (0.5, 2 and 4 µg/ml), in triplicate. After 48 h, the cell survival rate (SR) (%) was determined using the MTT method. SR was calculated using the formula: SR (%) = (mean absorbance of the test well/mean absorbance of the control) x 100. Inhibition rate (IR) was calculated as IR (%) = 100% -SR (%).
Cell migration assays. For assessment of cell migration in vitro, SP, NSP, SP-Bmi1-siRNA cells and SP-scramble-siRNA cells (1x10 5 in 100 µl of serum-free RPMI-1640 medium) were placed in the upper chamber of Transwell migration chambers with an 8-µm pore size (BD Biosciences, Franklin Lakes, NJ, USA). The lower chamber contained 0.6 ml of 10% FBS medium as a chemoattractant. Cells were incubated for 12 h. Non-migrated cells were removed from the upper surface of the Transwell membrane with a cotton swab, and the migrated cells on the lower side of the membrane were fixed with 4% paraformaldehyde and stained with 0.25% crystal violet. After staining, cell migration was quantified by counting cells in 5 random fields (x200) under a microscope.
Self-renewal as assessed by tumor sphere formation. Cells were plated in ultra-low adhesion 6-well plates at a density of 1x10 4 cells/well and grown in a serum-free DMEM/F12 medium (Gibco) containing 20 ng/ml of epidermal growth factor (EGF; R&D Systems, Minneapolis, MN, USA), 5 µg/ml of insulin, 0.4% bovine serum albumin (Gibco), and 2% B27 (Invitrogen), as previously described (14) . After 7 days in culture, the number of spheres was quantified by counting spheres in 5 random fields (x100) under a phase contrast microscope (Olympus).
Cell cycle analysis. For cell cycle analysis, SP cells transfected with Bmi1-siRNA or scramble-siRNA were washed twice with PBS and fixed overnight with 70% ethanol at -20˚C. Cells were then washed with PBS and incubated in PBS containing 50 µg/ml PI, 0.2% Triton X-100, and 200 mg/ml RNase A for 30 min in the dark. Cell cycle distribution was analyzed using FACScan System (BD Diagnostics, Sparks, MD, USA). Data were analyzed with FlowJo software (Tree Star Inc., Ashland, OR, USA).
Mouse xenograft models. NOD/SCID mice (n= 4, male, 6-10 weeks of age) were purchased from the Laboratory Animal Center of the Sun Yat-Sen University (Guangzhou, China). All animal experiments were approved by the Animal Ethics and Welfare Committee of the Sun Yat-Sen University. SP cells (1x10 5 ) transfected with Bmi1-siRNA or scramblesiRNA were suspended in RMPI-1640 and Matrigel (BD Biosciences, 1:1) and subcutaneously injected into the left and right sides of the back of recipient mice, respectively. Tumor formation was observed weekly for 6 weeks.
Statistical analysis. Data analysis was performed using SPSS 19.0 (SPSS Inc., Chicago, IL, USA). Data are expressed as means ± standard deviation (SD). Differences between groups were compared using the Student's t-test or one-way analysis of variance (ANOVA) with Fisher's least significant difference (LSD) test for post hoc analysis. Differences were considered to be statistically significant at P<0.05.
Results

Identification of SP cells from human bladder cancer T24 cells.
To explore the effect of Bmi1 in the maintenance of stem-like SP cells, the human bladder cancer cell line T24 was sorted by flow cytometry after incubation with Hoechst 33342 for 90 min. SP cells represented 13.2±1.2% of the total cells. When preincubated with verapamil for 30 min, the proportion of SP cells dropped to 0.05±0.01% of the total cells (Fig. 1A) , which indicated that Hoechst 33342 exclusion is verapamilsensitive.
To determine whether SP cells had a stem cell phenotype, we compared the expression levels of cancer stem cell markers, such as Oct4 and ABCG2, between SP and NSP cells by real-time RT-PCR. The mRNA expression of ABCG2 and OCT4 was significantly higher in SP cells than in NSP (both P<0.05) (Fig. 1B) .
Bmi1 is highly expressed in SP cells when compared with the expression level in NSP cells.
We observed that the mRNA expression of Bmi1 was upregulated 4.34 times in SP cells when compared with the expression level in NSP cells ( Fig. 2A) . Western blot and immunofluorescence analyses confirmed that Bmi1 was highly expressed in the nuclei and cytoplasm of SP cells when compared with the NSP cells (Fig. 2B and C) . These results suggest that Bmi1 may play a regulatory role in the stem-like SP phenotype.
Effects of Bmi1 knockdown on the SP T24 cell phenotype, cell proliferation and migration in vitro.
Our previous study confirmed that the purified SP cells can generate non-stemlike NSP cells through asymmetric cell division in vitro (17) . Firstly, we transfected SP cells with Bmi1 siRNA and scramble siRNA for 48 h, and the efficient knockdown of Bmi1 was confirmed by real-time RT-PCR and western blotting ( Fig. 6A  and B) . Secondly, we transfected Bmi1 siRNA and scramble siRNA into the T24 cells (Fig. 3A) , and the result showed that knockdown of Bmi1 reduced the proportion of SP cells from 12.26±1.3 to 4.24±0.6% (P<0.01) in the T24 cells. Thirdly, we transfected Bmi1 siRNA and scramble siRNA into purified SP cells and cultured them for 10 days to examine the role of Bmi1 in this process. The SP subpopulation in the Bmi1 siRNA group was decreased when compared with the negative control cells (13.32±2.2 vs. 38.98±3.2%, P<0.01; Fig. 3B ). These results demonstrate that Bmi1 plays an important role in maintaining SP cell self-renewal and differentiation abilities, and knockdown of Bmi1 promoted SP cell differentiation toward non-stem-like NSP cells.
We then detected the proliferation and migration abilities of SP and NSP cells using MTT and Transwell assays. The cell growth curve indicated that the SP cells proliferated faster than the NSP cells after day 2 (Fig. 3C ). In the Transwell assay, more SP cells penetrated through the gel membrane compared with NSP cells (P<0.01) (Fig. 3E ). After transfection with siRNA targeting Bmi1, the proliferation and migration of SP-Bmi1-siRNA cells were sharply decreased compared with the SP-scramble-siRNA cells ( Fig. 3D and E) .
Bmi1 regulates the self-renewal capacity of SP cells.
Tumor sphere generation in vitro is considered to be indicative of self- renewal potential, one of the characteristics of CSCs (15) . We assessed the self-renewal properties of SP cells by detecting their ability to form tumor spheres in serum-free media and nonadherent conditions. Results showed that the number of tumor spheres formed by SP cells was nearly four times higher than that for NSP cells. In order to ascertain whether Bmi1 regulates the self-renewal capacity of SP cells, we silenced the Bmi1 expression in SP cells using siRNA, and the results of the sphere formation assay showed that this ability of SP cells was significantly inhibited compared with that of SP-scramble-siRNA cells (P<0.01) (Fig. 4) . These data revealed that Bmi1 plays an important role in regulating the self-renewal ability of SP cells.
Bmi1 knockdown enhances SP cell sensitive to cisplatin in vitro.
Chemoresistance is considered to be one of the characteristics of CSCs (16) . We previously reported that the SP cells sorted from the T24 cells were significantly more resistant to chemotherapy when compared with the resistance of NSP cells (17) . In order to ascertain whether Bmi1 knockdown influences cisplatin sensitivity of SP cells, we treated SP, NSP, SP-Bmi1-siRNA and SP-scramble-siRNA cells with various concentrations of cisplatin for 48 h (Fig. 5) . We then observed the inhibition rate (IR) of each cell group by MTT assays. Results revealed that SP cells showed a stronger resistance to cisplatin compared with the NSP cells at all concentrations (all P<0.01). After knockdown of Bmi1, the IR of the SP-Bmi1-siRNA cells was obviously higher when compared with the IR of the SP-scramble-siRNA cells (all P<0.01). These results demonstrated SP chemoresistance and that Bmi1 knockdown could sensitize SP cells to cisplatin. INK4a and p14 ARF was upregulated at the mRNA and protein levels ( Fig. 6A and B) . We also assessed the relationship between Bmi1 knockdown and cell cycle progression by flow cytometric analysis (Fig. 6C) . Compared with the negative control SP cells, Bmi1 knockdown caused a significant decrease in the proportion of S-phase cells (from 43.8±1.5 to 20.9±1.9%, P<0.01) and a significant increase in the proportion of G0/G1-phase cells (from 46.7±2.0 to 65.4±1.6%, P<0.05). These results suggest that Bmi1 promotes stem-like SP cell proliferation by regulating cell cycle progression through suppression of the p16
Bmi1 knockdown induces cell cycle arrest in the G0
INK4a /p14 ARF locus.
Bmi1 knockdown suppresses the tumorigenicity of SP T24 cells in vivo.
To further explore the role of Bmi1 in the tumorigenesis of bladder cancer CSCs in vivo, equal numbers of SP-Bmi1-siRNA and SP-scramble-siRNA cells were subcutaneously injected into the left and right sides of the back of recipient mice, respectively. The development of tumors was detected throughout the 6 weeks after injection. The SP-scramblesiRNA cells generated varying sizes of tumors in all four mice (Fig. 7B) . In contrast, SP-Bmi1-siRNA cells failed to form subcutaneous tumors in any of the recipient mice (Fig. 7A) .
Results of hematoxylin and eosin (H&E) staining (Fig. 7C) showed that the tumors formed from the subcutaneously injected SP-scramble-siRNA cells was a typical urothelial carcinoma. This in vivo result further supports that Bmi1 is essential for the tumorigenic capacity of SP T24 cells.
Discussion
Increasing evidence supports the existence of CSCs, which are considered to be responsible for tumor initiation, tumor recurrence and therapy resistance (4, 5) . Therefore, a better understanding of the biology and regulatory mechanisms of CSCs is of great significance for developing new strategies targeting CSCs for cancer treatment (11) . In a previous study, we enriched bladder cancer stem cells from the T24 cell line and characterized their CSC properties (17) . Furthermore, SP-enriched cells possessing stem cell characteristics have been identified in a number of cancers (4, 8, 9) . We used SP cells as a bladder cancer stem cell model to elucidate their self-renewal and tumor initiation mechanisms. In the present study, we observed that SP cells from the T24 cell line possessed CSC properties and that Bmi1 was highly expressed in the SP population when compared with that in the NSP cells. Our results also demonstrated that Bmi1 plays an important role in regulating proliferation, self-renewal and tumorigenic prop- CSCs are characterized by self-renewal, chemoresistance and tumorigenesis (19) . To identify CSCs among tumor cells, two different methods are usually proposed. The first is to use surface markers selectively expressed on CSCs. However, in many tumor types, no markers are known to prospectively identify CSCs; in such cases, the ability of stem cells to extrude dyes such as Hoechst 33342 can be used to identify them (20) . Thus, in a number of tumors and cancer cell lines, SP cells have been isolated and identified to be potential candidates for CSCs (9, (20) (21) (22) . The ATP-binding cassette transporter ABCG2/BCRP1 has been revealed to be the main mediator of the SP phenotype (23, 24) . In contrast, some studies have demonstrated that in some normal tissues or certain tumors, SP cells are not enriched in stem-like cells (25) (26) (27) . Triel et al (27) demonstrated that SP cells found within human epidermis lack stem cell characteristics, and Broadley et al (28) revealed that SP cells from glioblastoma multiforme cell lines had no stemlike activity in vitro and in vivo when compared with these characteristics in non-SP and parental cells. These conflicting data indicate that SP cells are not necessarily stem cells and that further characterization is necessary to prove their nature. In one of our previous studies (17) and in the present study, results showed that SP cells exhibited a stronger ability for proliferation, self-renewal and chemoresistance than NSP cells in the bladder cancer cell line T24. Furthermore, SP cells had high expression of ABCG2 and stem cell marker OCT4 when compared with that in the NSP cells. Our results suggest that SP cells can serve as a model for the study of bladder CSCs.
Bmi1, a component of PRC1, is thought to be essential for maintaining self-renewal in several normal stem cell systems and CSCs, including haematopoietic stem cells (12) , neural stem cells (18) and leukemic stem cells (29) . Recent studies have demonstrated that Bmi1 is highly expressed and regulates the stem-like properties of SP cells in hepatocellular carcinoma, breast cancer and pancreatic adenocarcinoma (30) (31) (32) . In our previous studies, Bmi1 was found to be highly expressed in bladder cancer specimens and to be correlated to clinicopathological characteristics and patient prognosis (33, 34) . Therefore, we hypothesized that Bmi1 may also play an important regulatory role in bladder CSCs. In the present study, we functionally validated the importance of Bmi1 expression in stem-like SP cells from the bladder cancer cell line T24. As expected, our results showed that both the mRNA and protein levels of Bmi1 were higher in SP cells. Knockdown of Bmi1 by siRNA significantly decreased the proportion of SP cells among the T24 cells and purified SP cells after long-term differentiation. Furthermore, analysis of the growth, migration and tumor sphere formation of purified SP cells transfected with siRNA revealed that loss of Bmi1 caused a considerable inhibition in the proliferation and self-renewal of SP cells. These observations were further confirmed by xenograft transplantation in NOD/SCID mice, where Bmi1 knockdown in SP cells resulted in the failure to develop tumors.
Bmi1 has been reported to be associated with the protection of cancer cells from apoptosis induced by chemotherapy. Yin et al (35) observed that Bmi1 promoted the chemo resistance of pancreatic cancer cells to gemcitabine. Recently, Wang et al (36) reported that Bmi1 enhanced the chemo resistance of ovarian cancer cells, and that silencing Bmi1 sensitized ovarian cancer cells to cisplatin. A previous study also showed that CTCs extracted from T24 cells were resistant to cisplatin, and that this resistance was related to aldehyde dydrogenase (37); however, the relationship between Bmi1 and aldehyde dydrogenase is unknown. Another study showed that the cisplatin resistance of T24 SP cells was correlated with Bmi1, and that Bmi1 was also correlated with Nanog expression (38) . Consistent with these reports, our results revealed that SP cells from bladder cancer cells showed a stronger resistance to cisplatin, and that Bmi1 knockdown significantly increased the IR by cisplatin in SP cells. These results strongly suggest that Bmi1 is essential for maintaining tumorigenesis and chemoresistance in stem-like SP cells.
However, the molecular mechanisms of Bmi1 function in CSCs are not completely understood. Some studies revealed that Bmi1 preserves the self-renewal and proliferation characteristics of stem cells through the repression of the p16
INK4a /p14 ARF locus, which encodes two tumor-suppressor proteins (P16Ink4a and P14Arf) (18, 39, 40) . Conversely, some studies revealed an p16
INK4a /p14 ARF -independent contribution of Bmi1 to self-renewal in neural stem cells and tumorigenesis in a hepatocellular carcinoma mouse model (41, 42) . Douglas et al (43) reported that Bmi1 knockdown significantly inhibited cell proliferation in both wild-type and p16
INK4a -null Ewing sarcoma. Nevertheless, the molecular mechanisms by which Bmi1 affects CSCs in human bladder cancer have not been previously identified. In the present study, we observed that Bmi1 knockdown using siRNA could promote p16
INK4a /p14 ARF mRNA and protein expression in stem-like SP cells from the human bladder cancer cell line T24. Bmi1 knockdown also caused S-phase cell cycle arrest in bladder cancer T24 SP cells. These results demonstrated that Bmi1 is involved in stem-like SP cell self-renewal and tumorigenesis through the repression of the p16
INK4a /p14 ARF locus in the human bladder cancer cell line T24.
In conclusion, our results demonstrated that the SP phenotype can be used to isolate CSCs in the bladder cancer cell line T24, and that Bmi-1 modulates various cancer stem-like characteristics of bladder cancer SP cells, such as self-renewal, chemoresistance and tumorigenesis. In addition, Bmi1 performed these functions to a great extent through the suppression of the p16
INK4a /p14 ARF locus. Based on our findings, Bmi1 may be a target by which to decrease the CSC population of tumors and to improve treatment outcomes.
